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Will-be-set-by-IN-TECH through sexual contact, UNAIDS noted (26) . Men get tattooed in prison (12) . In the absence of proper precautions and access to safe equipment tattooing can be a high-risk activity for the transmission of HIV (24; 25) . The literature and development of mathematical epidemiology is well documented (2; 3; 6) . This paper seeks to use mathematical models to gain insights on transimission of HIV among male prisoners while in prison in the context of homosexuality and intravenous drug use. The rest of this paper is organized as follows. In the next section, the model and its basic properties are presented. In Section 3, we determine stability analysis of the equilibria states. Numerical simualtions are presented in Section 4 and finally the last section concludes the paper.
Model description
The model sub-divides the total male prisoner population into the following sub-populations of susceptible intravenous drug users S d (t), susceptible non-drug users S n (t), intravenous drug using HIV-only infected people not yet showing AIDS symptoms I n (t),non-drugusing HIV-only infected people not yet showing AIDS symptoms I d (t), intravenous drug using AIDS cases A d (t) and non-drug using AIDS cases A d (t). There is sexual interaction between intravenous drug users and non-drug users making HIV transmission across different these two distinct distinct groups possible. The population is patterns is heterogeneous mixing with regard to sexual behaviour. The total population is given by; ( 1 ) with N n (t) and N d (t) being the total number of non-drug using and intravenous drug using male prisoners (intravenous drug users-IDU), respectively. The group j members make c j , j = (d, n) sexual contacts per unit time, and that a fraction of the contacts made by a member of group j is with a member of group i is
The total number of sexual contacts per unit time by members of group 'n' (non-drug users) with members of group 'd' (intravenous drug users) is c n p n d N n and because this must be equal to the number of contacts made by members of group 'd' with members of group 'n', we have a balance relation
In this case the sexual contact rates (partner acquistion rates) c d and c n are saturating terms for the total population and the mixing proportions may change with time. It is worth mentioning here that intravenous drug users are more likely to have more sexual partners than the general population. Therefore, c d = Bc n , B≥1. We assume that male prisoners in AIDS stage of the disease are nolonger sexually active as they are nolonger capable of attracting sexual mates among prisoners. Also drug using AIDS patients nolonger share their needles with others as other prisoners do not like sharing needles with someone whose AIDS symptoms are visible. The forces of HIV infection for intravenous drug users and non-drug users in the male prison are:
and It is assumed people are recruited into prison at rate Λ through committing various crimes and the following proportions π 1 , π 2 , π 3 and π 4 recruited enter the classes S n (t), S d (t), I n (t) and I d (t), respectively. We further assume that AIDS cases are too sick to commit a crime, so there are no recruitment of prisoners already in the AIDS stage of disease. Furthermore, it is assumed that intravenous drug using prisoners showing AIDS symptoms are nolonger able to exert peer pressure strong enough to make one become a drug user. Individuals in S n (t) and I n (t) acquire drug misusing habits at rate λ d (t) due to peer pressure and move into S d (t) and I d (t, respectively with
where β d 1 is the probability of becoming an intravenous drug user (IDU) following contact with an IDU and c d 1 are the number of contacts necessary for one to become an IDU (partner acquistion rate). Individuals in S n (t) class acquire HIV infection at a rate λ n h (t) to move into I n (t).
Individuals in S d (t) class acquire HIV infection at a rate λ d h (t) to move I d (t) class. Individuals infected with HIV-only not yet displaying symptoms
leave the intravenous drug using habits at a rate α to get into A n (t) class. Individuals in all classes experience natural death at a rate µ and those in AIDS stage of the disease experience an additional disease induced death at a rate ν. Individuals in all classes leave the prison at rate ω upon completion of their sentences. Individuals in the AIDS stage of the disease (final terminal stages) are further released from prison due to sickness at rate φ. The model flow diagram is shown in Figure 1 . Based on these assumptions the following system of differential equations describe the model.
Model basic properties
In this section, we study the basic results of solutions of model system (5), which are essential in the proofs of stability results.
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Lemma 2. Each non-negative solution is bounded in L
is invariant and attracting for system (5) .
Theorem 1. For every non-zero, non-negative initial value, solutions of model system (5) exist for all times
Proof. Local existence of solutions follow from standard arguments since the right hand side of (5) is locally Lipschitz. Global existence follows from the a-priori bounds. 
Disease-free equilibrium and stability analysis
The disease free equilibrium of model system (5), E 0 is given by
Following van den Driessche and Watmough (27) , the effective reproduction number of model system (5) is given as
with 
Analysis of the effective reproduction number, R SD
The reproduction number is differentiated into categories:
Case 1: No intravenous drug users in the community
In this case
which is the number of secondary HIV infections produced by one HIV infected individual through homosexual tendencies in a male prison. It is important to note R 0 S is a decreasing function of ω, suggesting that increasing the number of prisoners leaving the prison reduces the concentration of HIV cases in prison. Theoretically this is feasible, in reality this begs more questions than answers as sentences communicated cannot be reversed because of HIV. Perhaps, it may be necessary to consider the use of open prison systems where prisoners with less serious crimes can serve their sentences while staying at their homes. This has a further advantage of reducing the high levels of raping of man by man in prisons and the homosexual tendencies which male prisoners resort to in enclosed prisons which is one of the major forces driving HIV/AIDS in male prisons.
Increase in intravenous drug users
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www.intechopen.com R 0 D just like is R 0 S is a decreasing function of ω, meaning that use of open prison systems will be beneficial in the control of HIV among male prisoners. It is important to note that levels of sexual contact are higher among intravenous drug users than non-drug users, with it increased risk of contracting HIV, so c n β n < c d β d and this translates R 0 S < R 0 D . This suggest that intravenous drug use enhances HIV transmission in male prisons. Drug using prisoners are at an increased risk of HIV infection than their non-drug using counterparts. May be introducing drug substitution treatment together with introducing needle free exchange programmes will reduce the epidemic in prisons. A reduction in needle in sharing among prisoners result in HIV/AIDS prevalence as the sharing of unsterile needles in a major source of HIV transmission among male prisoners.
Numerical simulations
In this section, we carry out detailed numerical simulations using MatLab programming language to assess the effects of HIV transmission among male prisoners in the absence any interventional strategy which is more common in developing countries in Africa for different initial conditions. The parameter values that we use for numerical simulations are in Table  1 . In Table 1 showing sysmptoms on HIV-infected only and AIDS, respectively. Both graphs show a higher number of HIV-only and AIDS among intravenous drug using male prisoners than non-drug users. This tends to show intravenous drug using male prisoners are at increased risk of HIV infection due to sharing of unsterile needles and increased rates of homosexual sex habits. Table 1 . Fig. 3 . Simulations showing the effects of varying the rate at which non-drug using prisoners become intravenous drug users on the population on drug using HIV-infected prisoners. Parameter values used are in Table 1 .
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Discussion
A mathematical model have been presented in attempt to understand the transmission dynamics of HIV/AIDS among male prisoners. Male prisoners are infected with HIV while in prison through intravenous drug use using unsterile needles (syringes) and homosexual tendencies. Intravenous drug use in male prisons act in two way: (i) sharing of unsterile needles/ syringes enhance the transmission of HIV; (ii) flashing blood that drawing is blood from someone who would have injected himself with a drug and inject it into one self which on its own exposes the injector to the HIV infection. Also intravenous drug using prisoners are more likely to engage in homosexual relations with other male prisoners and with it increased risky of HIV transmission. Analysis of the reproduction number have shown that (i) a reduction in drug use results in a decrease of HIV/ AIDS prevalence among male prisoners, (ii) release of prisoners may also act in reducing the concentration HIV/AIDS cases in prisons. The later fact is not feasible, but perhaps implementing opening prison systems where prisoners of less serious crimes are allowed to save their crimes while staying with their families enables male prisoners to cope up with stressful prison conditions. Open prison systems will reduce the influence of peer pressure among prisoners as they will have moral and pyschological support from the family which does not exist in enclosed prison systems. Numerical simulations carried also support the analytic results that increase in drug use and tattooing increases HIV/ AIDS prevalence among male prisoners. The result of this study have a public health implication considering high rates of syringe lending and borrowing in prisons. This might explain why there are more HIV cases in prisons than the general population in the case of the USA (8) and this might be the case world wide. HIV infected men in prison pose a risk to their communities upon release from prison, especially in Africa where partners in marriage rarely discuss safe sex so in the absence open prison systems, it may be best to have mandatory HIV/ AIDS screening and specific educational programmes for prisoners. This will reduce the prevalence of high-risk behaviours and lower HIV transmission in male prisons, thus reducing post-release public health threat. Given the high levels of HIV in prisons about three and half times higher among prisoners than the general population, it may be best to consider the introduction of needle/ syringe free exchange programme and drug substitution treatment as a way of keeping in check HIV transmission in men prisons. Additionally provision of condoms might also help given the high levels of homosexuality in male prisons.
